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(54) ACCELERATION SENSOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an acceleration 
sensor which is small-sized and has high detection 
sensitivity and moreover can have sensitivity with 
respect to only acceleration. . 
SOLUTION: The acceleration sensor 1 A consists of a 
piezoelectric body which has electrodes formed on both 
main surfaces and equipped with 1st and 2nd resonators 
20 and 30, which resonate at mutually independent 
frequencies and 1st and 2nd base plates 23 and 33; and 
the 1st resonator 20 is jointed with one surface of the 1st 
base plate 23 to constitute a 1st unimorph type 
acceleration detecting element 2 and the 2nd resonator 
30 is jointed with one surface of the 2nd base plate 33 to 
constitute a 2nd unimorph type acceleration detecting 
element 3. The 1st and 2nd unifomrph type acceleration detecting elements 2 and 3 have 
both lengthwise ends fixed and supported, so that the 1st and 2nd resonators 20 and 30 face 
toward mutually reciprocal directions or opposite directions, and can flex independently in the 
application direction of acceleration. The two acceleration detecting elements 2 and 3 flex 
independently as the acceleration is applied, and frequency variations or impedance 
variations of the 1st and 2nd resonators 20 and 30 caused by the flection are detected 
differentially so as to detect the acceleration. 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may 
not reflect the original precisely. 

2. **** shows the word which can xfit be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s) ] 

[Claim 1] The 1st and the 2nd resonator which resonate on the frequency 
which consisted of a piezo electric crystal with which the electrode was 
formed in both principal planes, and became independent, respectively, 
While having the 1st and the 2nd base plate, joining the 1st resonator 
to the whole surface of the 1st base plate and constituting the 1st uni- 
morph mold acceleration sensing element Join the 2nd resonator to the 
whole surface of the 2nd base plate, and the 2nd uni-morph mold 
acceleration sensing element is constituted. The 1st and 2nd 
acceleration sensing element so that the 1st and the 2nd resonator may 
turn to the direction of repulsion, or the opposite direction mutually 
and it may bend independently by impression of acceleration, 
respectively Come to carry out fixed support of the longitudinal 
direction end section or the both ends, and two acceleration sensing 
elements bend independently by impression of acceleration. The 
acceleration sensor characterized by making acceleration detectable by 
detecting in differential frequency change or impedance change of the 
1st and the 2nd resonator produced by the bending. 

[Claim 2] The above 1st and the 2nd acceleration sensing element are an 
acceleration sensor according to claim 1 characterized by being set up 
so that the bending neutral side accompanying an operation of 
acceleration may be on a plane~of-composition [ of a resonator and a 
base plate ], or base plate side. 

[Claim 3] The 1st and 2nd resonator of the above is an acceleration 
sensor according to claim 1 or 2 which is the oscillation mode component 
by which energy is confined in the die-length direction center section, 
and is characterized by forming the opening smaller than the range which 
bends with acceleration more widely [ a resonator shuts up between the 
1st and 2nd base plate and the 1st and 2nd resonator, and ] than the 
range of vibration. 




[Claim 4] Confrontation junction of the longitudinal direction both ends 
of the above 1st and the 2nd acceleration sensing element is carried out 
through a spacer layer. The lateral surface of the acceleration 
impression direction of the 1st and 2nd acceleration sensing element is 
covered with a case member. And the electrode with which the open field 
formed by the 1st, the 2nd acceleration sensing element, and the case 
member was covered with the covering member, and was formed in the 1st 
and the 2nd resonator The acceleration sensor according to claim 1 to 3 
characterized by connecting with the external electrode formed in the 
front face of a covering member through the internal electrode formed in 
the front face of a case member. 

[Claim 5] So that the 1st and the 2nd resonator which consist of a piezo 
electric crystal with which the electrode was formed in both principal 
planes may be joined, an acceleration sensing element may be constituted 
at the single front rear face of a base plate and the above-mentioned 
acceleration sensing element may bend to the acceleration of the 
opposite direction of the 1st and the 2nd resonator at it By coming to 
carry out fixed support of the longitudinal direction end section or 
both ends, and the above-mentioned acceleration sensing element' s 
bending by impression of acceleration, and detecting in differential 
frequency change or impedance change of the 1st and the 2nd resonator 
produced by the bending The acceleration sensor characterized by making 
acceleration detectable. 

[Claim 6] The 1st and 2nd resonator of the above is an acceleration 
sensor according to claim 5 which is the oscillation mode component by 
which energy is confined in the die-length direction center section, and 
is characterized by forming the opening smaller than the range which 
bends with acceleration more widely [ a resonator shuts up between a 
base plate and the 1st and 2nd resonator, and ] than the range of 
vibration. 

[Claim 7] The electrode with which the open field in which the lateral 
surface of the acceleration impression direction of the above-mentioned 
acceleration sensing element is covered with a case member, and is 
formed by the acceleration sensing element and the case member was 
covered with the covering member, and was formed in the 1st and the 2nd 
resonator is an acceleration sensor according to claim 5 or 6 
characterized by to connect with the external electrode formed in the 
front face of a covering member through the internal electrode formed in 
the front face of a case member. 

[Claim 8] The acceleration sensor according to claim 1 to 7 
characterized by acquiring the signal which was made to oscillate the 




above 1st and the 2nd resonator on each frequency, detected each 
oscillation delta frequency, and is proportional to acceleration from 
this delta frequency. 

[Claim 9] The acceleration sensor according to claim 1 to 7 
characterized by acquiring the signal which was made to oscillate the 
above 1st and the 2nd' resonator on the same frequency, detected phase 
contrast or an amplitude difference from the difference in the electric 
impedance of each resonator, and is proportional to acceleration from 
these phase contrast or an amplitude difference. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to an acceleration 

sensor. 

[0002] 

[Description of the Prior Art] Conventionally, the thing given in for 
example, the patent No. 2780594 official report is known as an 
acceleration sensor using electrostrictive ceramics. This acceleration 
sensor is equipped with the bimorph mold sensing element which carried 
out confrontation junction of the piezoelectric device which consists of 
electrostrictive ceramics of a pair, and was unified, and has carried 
out receipt support of this component with doubly-supported beam 
structure into the case. If acceleration joins this acceleration sensor, 
when a sensing element bends, the charge or electrical potential 
difference which stress generated in the piezoelectric device and was 
generated according to the piezo-electric effect can be detected, and 
acceleration can be known. In the case of this acceleration sensor, 




there is an advantage that it is small and can constitute easily in 
surface mount die parts (chip). 

[0003] In the case of the acceleration sensor of this principle, since 
the bias current which flows in from a circuit is charged by the 
capacity C of a piezo electric crystal and a circuit is saturated in 
case a circuit is constituted, the resistance R for making a bias 
current leak is needed. However, a high-pass filter is constituted by 
Resistance R and capacity C, and acceleration of DC which is a frequency 
below a cut-off, or low frequency cannot be detected. 
[0004] 

[Problem(s) to be Solved by the Invention] On the other hand, if two 
vibrator is attached in the base material of buckling tuning fork 
structure and acceleration is impressed, the vibrator attached in the 
two tuning fork structured divisions by the inertia section (weight) 
which exists in the center receives the stress of **** and compression, 
and the acceleration sensor which detects acceleration by the delta 
frequency produced in two vibrator is also known (for example, JP, 4- 
361165, A). In this case, it is detectable also with the acceleration of 
DC or low frequency. 

[0005] However, in the acceleration sensor of this structure, since a 
base material has tuning fork structure, structure is complicated, and 
is large-sized and the drawer of the electrode from each vibrator is 
also complicated. Therefore, there was a problem that it was difficult 
for the circuit board etc. to constitute in the small surface mount die 
parts (chip) which can carry out direct mounting. Moreover, temperature 
dependence is completely uncancelable although the temperature 
dependence of a bias frequency is reduced by constituting as congruence 
tuning fork mold vibrator which vibrates by the oscillation mode with 
which torsional-vibration mode and the crookedness oscillation mode 
combined vibrator. 

[0006] Then, the purpose of this invention is to offer the acceleration 
sensor of high sensitivity which is small, can constitute in a surface 
mount mold, and can moreover eliminate the effect by factors other than 
acceleration, such as a temperature change. 
[0007] 

[Means for Solving the Problem] The above-mentioned purpose is attained 
by invention of a publication at claims 1 and 5. Namely, the 1st and the 
2nd resonator which resonate on the frequency which invention concerning 
claim 1 consisted of a piezo electric crystal with which the electrode 
was formed in both principal planes, and became independent, 
respectively, While having the 1st and the 2nd base plate, joining the 




1st resonator to the whole surface of the 1st base plate and 
constituting the 1st uni-morph mold acceleration sensing element Join 
the 2nd resonator to the whole surface of the 2nd base plate, and the 
2nd uni-morph mold acceleration sensing element is constituted. The 1st 
and 2nd acceleration sensing element so that the 1st and the 2nd 
resonator may turn to the direction of repulsion, or the opposite 
direction mutually and it may bend independently by impression of 
acceleration, respectively Come to carry out fixed support of the 
longitudinal direction end section or the both ends, and two 
acceleration sensing elements bend independently by impression of 
acceleration. By detecting in differential frequency change or impedance 
change of the 1st and the 2nd resonator produced by the bending, the 
acceleration sensor characterized by making acceleration detectable is 
offered. Moreover, at the single front rear face of a base plate, 
invention concerning claim 5 joins the 1st and the 2nd resonator which 
consist of a piezo electric crystal with which the electrode was formed 
in both principal planes, and constitutes an acceleration sensing 
element. So that the above-mentioned acceleration sensing element may 
bend to the acceleration of the opposite direction of the 1st and the 
2nd resonator By coming to carry out fixed support of the longitudinal 
direction end section or both ends, and the above-mentioned acceleration 
sensing element' s bending by impression of acceleration, and detecting 
in differential frequency change or impedance change of the 1st and the 
2nd resonator produced by the bending The acceleration sensor 
characterized by making acceleration detectable is offered. 
[0008] In claim 1, since the acceleration sensing element was made into 
the uni-morph structure which joined the resonator and the base plate, 
compression or tensile stress required for a resonator can be 
efficiently generated from bending deformation of the acceleration 
sensing element produced when acceleration is added. And since the 
acceleration sensing element of a pair is connected so that the 
resonator may turn to the direction of repulsion, or the opposite 
direction mutually, as for the sensing element of another side, 
compressive stress will be detected if one sensing element detects 
tensile stress. Therefore, the frequency of the resonator of the tension 
side becomes low and the frequency of the resonator by the side of 
compression becomes high. Then, acceleration is detectable if frequency 
change or impedance change of both resonators is taken out in 
differential. Especially the stress (for example, stress by the 
temperature change) added common to two resonators since frequency 
change or impedance change of two resonators is not taken out according 



to an individual but the delta frequency or an impedance difference is 
detected in differential is offset, and the acceleration sensor of the 
high sensitivity which is not influenced of a temperature change etc. 
can be obtained. 

[0009] It is good to set up the 1st and 2nd acceleration sensing element 
like claim 2, so that the bending neutral side accompanying an operation 
of acceleration may be on a plane-of-composition [ of a resonator and a 
base plate ], or base plate side. That is, it is because compressive 
stress and tensile stress will occur inside one resonator and an output 
signal will become small, if a neutral side is in a resonator side. In 
addition, what is necessary is just to make flexural rigidity of a base 
plate larger than a resonator, an EQC, or it, in order to make a bending 
neutral side into a plane-of-composition [ of a resonator and a base 
plate ], or base plate side. 

[0010] It is good to form an opening smaller than the range which bends 
with acceleration more widely [ use the 1st and 2nd resonator as the 
oscillation mode component by which energy is confined in the die-length 
direction center section like claim 3, and a resonator shuts up between 
the 1st and 2nd base plate and the 1st and 2nd resonator, and ] than the 
range of vibration. Although confrontation junction of a resonator and 
the base plate may be carried out on the whole surface, it is because 
vibration of a resonator is restrained with a base plate in this case, 
so the engine performance (Q and K) as a resonator falls. In addition, 
when confrontation junction of a resonator and the base plate is carried 
out on the whole surface, although the engine performance as a resonator 
falls, it is conversely effective in respect of the generating 
effectiveness of the stress by acceleration. 

[0011] Confrontation junction of the longitudinal direction both ends of 
the 1st and 2nd acceleration sensing element is carried out through a 
spacer layer like claim 4. The lateral surface of the acceleration 
impression direction of the 1st and 2nd acceleration sensing element is 
covered by the case member. It is desirable to cover the open field 
formed by the 1st, the 2nd acceleration sensing element, and the case 
member by the covering member, and to connect the electrode formed in 
the 1st and the 2nd resonator to the external electrode formed in the 
front face of a covering member through the internal electrode formed in 
the front face of a case member. In this case, there is an advantage 
which can surround the perimeter of an acceleration sensing element 
completely by the case member and the covering member, and can moreover 
constitute it in surface mount mold electronic parts. 
[0012] In claim 5, it replaces with using two acceleration sensing 




elements of uni-morph structure like claim 1, a resonator is joined to 
the front rear face of a single base plate, respectively, and it 
considers as the acceleration sensing element of bimorph structure. In 
this case, since a bending neutral side (stress is the field of 0) can 
be set up in a **-SU plate even if it uses the ingredient which is 
comparatively easy to bend as a base plate, the resonator prepared in 
the front rear face of a base plate can be made to generate tensile 
stress and compressive stress effectively. Therefore, acceleration is 
detectable by detecting frequency change or impedance change of both 
resonators in differential. Moreover, since the base plate is single, 
the dimension of the thickness direction of a base plate can be 
shortened and an acceleration sensor can be constituted small. In 
addition, claims 6 and 7 have the respectively same effectiveness as 
claims 3 and 4. 

[0013] As an approach of acquiring the signal proportional to the 
acceleration which takes out in differential the signal acquired from 
the 1st resonator and 2nd resonator, and acts on an acceleration sensing 
element Like the approach of acquiring the signal which was made 
oscillating the 1st and the 2nd resonator on each frequency, detected 
each oscillation delta frequency like claim 8, and is proportional to 
acceleration from this delta frequency, and claim 9 The 1st and the 2nd 
resonator are oscillated on the same frequency, phase contrast or an 
amplitude difference is detected from the difference in the electric 
impedance of each resonator, and there is a method of acquiring the 
signal proportional to acceleration from these phase contrast or an 
amplitude difference. Even if it uses which approach, acceleration is 
detectable with high precision. 
[0014] 

[Embodiment of the Invention] Drawing 1 - drawing 5 show the 1st example 
of the acceleration sensor concerning this invention. This acceleration- 
sensor 1A carries out receipt support of the two acceleration sensing 
elements 2 and 3 with doubly-supported beam structure into the 
insulating case 5 which consists of an insulating ceramic etc. , and 6. 
The acceleration sensing elements 2 and 3 of this example are uni-morph 
mold sensing elements, and unify the resonators 20 and 30 which formed 
electrodes 21 and 22, and 31 and 32 in the front **** principal plane of 
a rectangular piezo-electric ceramic plate, respectively by joining to 
the whole surface of the base plates 23 and 33 with adhesion, soldering, 
etc., respectively. Both the resonators 20 and 30 of this example are 
resonators of the energy ****** type thickness skid oscillation mode, 
and polarization is carried out in the die-length direction of 



# • 

resonators 20 and 30. The end section counters in the center section of 
resonators 20 and 30, and, as for the electrodes 21 and 22 on the rear 
face of front, and 31 and 32, the other end is pulled out to a different 
edge of resonators 20 and 30. 

[0015] The base plates 23 and 33 are electric insulating plates formed 
in the same die length as resonators 20 and 30, and the same width of 
face, and they are set up so that the bending neutral side (broken lines 
Nl and N2 show to drawing 5 ) accompanying an operation of the 
acceleration of the uni-morph mold acceleration sensing elements 2 and 3 
may be from the plane of composition of resonators 20 and 30 and the 
base plates 23 and 33 on base plate 23 and 33 side. What consisted of 
ingredients with flexural rigidity higher than resonators 20 and 30 is 
desirable, and since the base plates 23 and 33 are operated as a mass 
object (weight), what has as large mass as possible is desirable. 
Resonators 20 and 30 shut up in an opposed face with the resonators 20 
and 30 of the base plates 23 and 33, and the crevices 23a and 33a for 
forming an opening smaller than the range which bends with acceleration 
more widely than the range of vibration are formed in it. By this, 
resonators 20 and 30 can shut up, and vibration cannot be restrained, 
and resonators 20 and 30 and the base plates 23 and 33 can bend in one 
with acceleration. 

[0016] In addition, Crevices 23a and 33a are for forming oscillating 
space, as vibration of resonators 20 and 30 is not barred, and since the 
amplitude is very small, it is also possible to replace with Crevices 
23a and 33a, and to form an opening with the thickness of the adhesives 
layer which joins resonators 20 and 30 and the base plates 23 and 33. 
[0017] Confrontation junction of the longitudinal direction both ends is 
carried out through the glue line 4 which is a spacer layer so that 
resonators 20 and 30 may turn to the direction of repulsion mutually and 
two uni-morph mold acceleration sensing elements 2 and 3 may bend 
independently in the impression direction of acceleration G, 
respectively. Therefore, the predetermined clearance is prepared between 
the center sections of the acceleration sensing elements 2 and 3. The 
lateral surface of the impression direction of the acceleration G of the 
acceleration sensing elements 2 and 3 is covered with the case members 5 
and 5 of a right-and-left pair. The case member 5 is formed in the K0 
typeface cross-section configuration, and adhesion immobilization of the 
both-ends lobe 5a is carried out at the both-ends lateral surface 
(exposure of resonators 20 and 30) of the acceleration sensing elements 
2 and 3. Therefore, between the case member 5 and the acceleration 
sensing elements 2 and 3, the space where the acceleration sensing 



elements 2 and 3 may bend in connection with acceleration G by crevice 
5b of the case member 5 is formed. Moreover, the open field of the upper 
and lower sides formed by the acceleration sensing elements 2 and 3 and 
the case member 5 is covered with the covering members 6 and 6 of a 
vertical pair. Crevice 6a for porosi for preventing contact to the 
acceleration sensing elements 2 and 3 is formed in the inside of the 
covering member 6, and adhesion immobilization of the periphery section 
is carried out in the; open field. Therefore, the displacement part by 
the acceleration G of the acceleration sensing elements 2 and 3 is 
completely sealed by the case member 5 and the covering member 6. In 
addition, the acceleration sensing elements 2 and 3 were joined through 
the glue line 4 so that resonators 20 and 30 might turn to the direction 
of repulsion, but contrary to this, you may join so that resonators 20 
and 30 may turn to the opposite direction. In this case, the resonator 
of the tension side by impression of acceleration G and the resonator by 
the side of compression become reverse. 

[0018] Although the member of a cross-section K0 typeface was used as a 
case member 5 in this example, if it bends with the thickness of the 
adhesives layer prepared between a case 5 and the acceleration sensing 
elements 2 and 3 and space is formed, it is also possible to use a 
plate-like member as a case member 5. Since especially the amount of 
bending of the sensing elements 2 and 3 by acceleration G is very small, 
it can form a sufficient room also by the thickness of an adhesives 
layer. Since similarly a cavity can be formed with the thickness of the 
adhesives layer prepared in the inside of the covering member 6 at a 
frame form, crevice 6a for porosi of the inside of the covering member 6 
is also omissible. 

[0019] Both the above-mentioned base plates 23 and 33, the case member 5, 
and the covering member 6 are formed by the insulating material. 
Specifically, a ceramic plate and a resin plate can be used. In addition, 
it is also possible for the base plates 23 and 33 not to necessarily be 
limited to an insulating material, and to use a metallic material. 
[0020] The electrodes 21 and 22 formed in resonators 20 and 30, and the 
electrodes 21 and 32 among 31 and 32 flow mutually with the band-like 
internal electrode 51 prepared in the open field formed by the 
acceleration sensing elements 2 and 3 and the case member 5, and are 
pulled out to the lateral surface of the case member 5. Moreover, an 
electrode 22 is drawn out to the lateral surface of the case member 5 by 
the internal electrode 52 formed in the upper open field, and the 
electrode 31 is pulled out to the lateral surface from which the case 
member 5 differs with the internal electrode 53 formed in the lower open 



field. 

[0021] As shown in drawing 1 , the external electrodes 61, 62, and 63 
are formed in the outside surface of the case member 5 and the covering 
member 6, and the above-mentioned internal electrodes 51, 52, and 53 are 
connected to the external electrodes 61, 62, and 63, respectively. By 
this, the chip mold acceleration sensor of a surface mount mold can be 
obtained. 

[0022] In addition, although it connected mutually and one electrode 21 
of the acceleration sensing element 2 (resonator 20) and one electrode 
32 of the acceleration sensing element 3 (resonator 30) were used as the 
common electrode with the internal electrode 51 in this example, four 
electrodes 21 and 22, and 31 and 32 may be pulled out independently to 
an external electrode, respectively. In this case, an internal electrode 
and four external electrodes are also prepared, respectively. Drawing 4 
shows the condition of having mounted this acceleration-sensor 1A in the 
circuit pattern Pa of the circuit board PCB. 

[0023] The manufacture approach of acceleration-sensor 1A which consists 
of the above-mentioned configuration is shown in drawing 6 . To first, 
the resonator 20 and two piezo-electric ceramic parent substrates for 30 
with which the electrode pattern used as electrodes 21 and 22, and 31 
and 32 was formed in the front rear face The base plate 23 and the 
parent substrates 2M and 3M of an acceleration sensing element to which 
two parent base plates for 33 were joined, respectively, Parent case 
member 5M of the pair for case member 5 in which concave 5b of 
predetermined width of face was formed for every predetermined location 
by the side of an inside are prepared, and the above-mentioned parent 
substrates 2M, 3M, and 5M are joined to one through adhesives etc. In 
this way, two or more sheet laminating of the joined zygote is carried 
out in the vertical direction, and block Bl (refer to (a) of drawing 6 ) 
is acquired. This block Bl is omitted with the cutting plane line S of 
(a) of drawing 6 , and two or more individual block B-2s are obtained 
(refer to (b) of drawing 6 ). 

[0024] Cut individual block B-2 is pushed on its side, parent covering 
member 6M which have much crevice 6a for porosi at an inside side as 
shown in (c) of drawing 6 are joined to the vertical side, and a block 
is acquired. In addition, the electrode pattern which serves as an 
external electrode beforehand is formed in the external surface of 
parent covering member 6M. This block is omitted in all directions, a 
sensor component is constituted, and acceleration-sensor 1A shown in 
drawing 1 is obtained by forming the electrode of a side face and an end 
face by a spatter etc. to the cut sensor component. Since each member 



can be prepared with a parent substrate as mentioned above and 
laminating adhesion can be carried out in the state of a parent 
substrate, mass-production nature is high and can obtain homogeneous and 
cheap acceleration sensor 1A. 

[0025] Drawing 7 shows the 2nd example of an acceleration sensor. This 
acceleration-sensor IB uses the base plates 23 and 33 as the plate-like 
ingredient which does not have a crevice, carries out confrontation 
adhesion of the resonators 20 and 30 on the front face of these base 
plates 23 and 33, respectively, and constitutes two acceleration sensing 
element 2' and 3'. It pastes up mutually through the adhesives layer 4, 
and fixed support of the longitudinal direction both ends of 
acceleration sensing element 2' and 3* is carried out by the case 
members 5 and 5 of the pair of a cross-section K0 typeface from the 
outside. In addition, the same covering member 6 (not shown) as drawing 
2 pastes an up-and-down open field. 

[0026] Although the crevices 23a and 33a smaller than the range which 
bends with acceleration more widely [ resonators 20 and 30 shut up in an 
opposed face with the resonators 20 and 30 of the base plates 23 and 33, 
and ] than the range of vibration for opening formation were formed in 
the 1st example Since resonators 20 and 30 are alone bent by the part 
which formed Crevices 23a and 33a, the front rear face turns into ******. 
and a compression side, and a big output may necessarily be unable to be 
obtained. So, in the 2nd example, by carrying out confrontation adhesion 
of the base plates 23 and 33 and the resonators 20 and 30 on the whole 
surface, the base plates 23 and 33 and resonators 20 and 30 can be stir- 
fried to one, stress is generated effectively, and a big output is 
obtained with acceleration G. However, since resonators 20 and 30 shut 
up and vibration is restrained with the base plates 23 and 33 in this 
case, the engine performance (Q, K) as a resonator may fall a little. 
[0027] Drawing 8 shows the 3rd example of an acceleration sensor. This 
acceleration-sensor 1C joins the resonators 20 and 30 which consist of a 
piezo-electric ceramic plate with which electrodes 21 and 22, and 31 and 
32 were formed in both principal planes to the single front rear face of 
the base plate 8, and constitutes the acceleration sensing element 7. 
Fixed support of the longitudinal direction both ends of the 
acceleration sensing element 7 is carried out by the cross-section K0 
typeface case member 5 of a pair from right-and-left both sides like 
drawing 2 , and the covering member 6 (not shown) is further fixed to 
the open field of a front flesh side. 

[0028] The resonators 20 and 30 of this example as well as the 1st 
example are thickness skid oscillation mode components of energy ****** 




type. Resonators 20 and 30 shut up among resonators 20 and 30, and the 
crevices 81 and 82 smaller than the range which bends with acceleration 
more widely than the range of vibration for opening formation are formed 
in the front rear face of the base plate 8. In addition, the crevices 81 
and 82 of the base plate 8 may paste up resonators 20 and 30 with the 
base plate 8 in the part except the center section rather than may be 
indispensable, or may .paste them up on the whole surface. 
[0029] In this example, since resonators 20 and 30 were joined to the 
front rear face of one base plate 8, the neutral side N3 of bending 
bending is located in the core of the board thickness of the base plate 
8, as a broken line shows to drawing 8 . Therefore, when acceleration G 
is impressed, the base plate 8 can function as a mass object, and can 
make one resonator 20 generate compressive stress effectively in the 
resonator 30 of tensile stress and another side. Therefore, the big 
delta frequency or impedance difference according to impression of 
acceleration G can be acquired. Moreover, like the 1st example, since 
one sheet is sufficient for the base plate 8 compared with the thing 
using the uni-morph mold sensing elements 2 and 3 of two sheets, the 
width method D can be shortened and a smaller acceleration sensor can be 
realized. 

[0030] Drawing 9 shows an example of acceleration detection equipment 
which used the above-mentioned acceleration-sensor 1A. This detection 
equipment uses the independent oscillation of the acceleration sensing 
elements 2 and 3, the external electrodes 62 and 61 of acceleration- 
sensor 1A are connected to oscillator-circuit 9a, and the external 
electrodes 63 and 61 are connected to oscillator-circuit 9b. As 
oscillator circuits 9a and 9b, the well-known Colpitts mold oscillator 
circuit etc. can be used, for example. Resonators 20 and 30 are uniquely 
oscillated by oscillator circuits 9a and 9b, respectively, and it is the 
oscillation frequency fl and f2. Signal V0 which was inputted into 
delta-frequency counter 9c, and is proportional to the delta frequency 
It outputs. 

[0031] In the condition that acceleration G is not impressed to 
acceleration-sensor 1A, two resonators 20 and 30 are oscillated on the 
frequency fixed as an independent resonator. If these resonators 20 and 
30 are completely the same structures, since it will oscillate on the 
same frequency, it is the output signal V0 of delta-frequency counter 9c. 
It is zero. On the other hand, if acceleration G joins acceleration- 
sensor 1A, the inertial force of the impression direction of 
acceleration and hard flow will act on sensing elements 2 and 3, and the 
central part of sensing elements 2 and 3 will bend to the impression 




direction and hard flow of acceleration G. With the stress generated in 
connection with bending of sensing elements 2 and 3, in the example of 
drawing 5 , tensile stress acts on one resonator 20, and compressive 
stress acts on the resonator 30 of another side. In the case of the 
resonator using the thickness skid oscillation mode, the oscillation 
frequency of the resonator 20 of tensile stress falls, and the 
oscillation frequency of the resonator 30 of compressive stress rises. 
Signal V0 which is proportional to acceleration G by taking out the 
delta frequency to the external electrodes 61, 62, and 63 through 31 and 
32 to electrodes 21 and 22 and the internal electrodes 51, 52, and 53 It 
can obtain. In addition, signal V0 Not only the magnitude of 
acceleration G but the direction of acceleration G is detectable. 
[0032] If acceleration-sensor 1A is used in an environment with a 
temperature change, resonators 20 and 30, the base plates 23 and 33, the 
case member 5, and the covering member 6 will cause thermal expansion. 
When the coefficients of thermal expansion of resonators 20 and 30 and 
the base plates 23 and 33 differ, by the temperature change, bending 
occurs in sensing elements 2 and 3, and stress occurs in resonators 20 
and 30. Similarly, when the coefficients of thermal expansion of sensing 
elements 2 and 3, and the case member 5 and the covering member 6 differ, 
stress acts on sensing elements 2 and 3 by the temperature change. 
Consequently, change will arise in a delta frequency by factors other 
than acceleration. However, if resonators 20 and 30 are mutually formed 
in the same ingredient and the same configuration and the base plates 23 
and 33 are formed in the same ingredient and the same configuration, the 
stress accompanying a temperature change will also become the same. 
Therefore, each resonators 20 and 30 can offset change of the output 
signal by the temperature change received identically by taking out the 
output of two resonators 20 and 30 in differential by delta-frequency 
counter 9c. Therefore, the acceleration detection equipment which has 
sensibility only to acceleration G can be obtained. 
[0033] Drawing 10 shows other examples of the acceleration detection 
equipment which used the above-mentioned acceleration-sensor 1A. This 
detection equipment uses the single oscillation of the acceleration 
sensing elements 2 and 3. The external electrodes 62 and 63 of 
acceleration-sensor 1A are connected to 9d of impedance differential 
detectors, and the external electrode 61 which is a common electrode is 
connected to oscillator-circuit 9e. In addition, 9f9 g is resistance for 
matching. In this case, output V0 which was made to oscillate both 
resonators 20 and 30 on the same frequency by oscillator-circuit 9e, 
detected phase contrast or an amplitude difference and is proportional 



to acceleration G from the difference in the electric impedance of each 
resonator 20 and 30 It takes out from 9d of impedance differential 
detectors. What is necessary is to feed back the output of one of 
resonators, or the output with which both resonators were added together, 
and just to constitute oscillator-circuit 9e, in order to make it 
oscillate on the same frequency. Since the output change by a 
temperature change etc. can be offset while being able to take out the 
signal which is proportional to acceleration G like the example of 
drawing 9 also in this case, the acceleration detection equipment which 
has sensibility only to acceleration G can be obtained. 
[0034] With drawing 9 and the acceleration detection equipment of 
drawing 10 , although acceleration-sensor 1A of the 1st example was used 
as an acceleration sensor, other acceleration sensors IB and 1C shown in 
drawing 7 and drawing 8 can be used similarly. Also as that by which 
fixed support only of the end section was carried out by the case member, 
i.e., cantilever structure, although the acceleration sensors 1A-1C of 
the above-mentioned example showed the thing of the structure where 
fixed support of the both ends of a sensing element was all carried out 
by the case member, they are good. In this case, since the amount of 
displacement of the free end accompanying impression of acceleration is 
large, it is possible to obtain a big frequency change or impedance ,? 
change. Moreover, in the acceleration sensors 1A, IB, and 1C of the 1st 
- the 3rd example, although the resonator of the thickness skid 
oscillation mode was used as resonators 20 and 30, it does not restrict 
to this and the resonator of other oscillation modes (for example, 
thickness longitudinal-oscillation mode, the die-length oscillation mode, 
area crookedness mode, etc. ) is also usable. 
[0035] 

[Effect of the Invention] According to invention according to claim 1, 
compressive stress can be generated in one resonator in the above 
explanation, and the resonator of another side can be made to generate 
tensile stress efficiently from bending deformation of the acceleration 
sensing element which produces the acceleration sensing element of the 
pair of the uni-morph structure which joined the resonator and the base 
plate when acceleration is added since it connected so that a resonator 
might turn to the direction of repulsion or the opposite direction 
mutually so that clearly. Therefore, by taking out frequency change or 
impedance change of both resonators in differential, the signal 
proportional to acceleration can be acquired and the good acceleration 
sensor of detection sensitivity can be realized. Moreover, since 
acceleration is detected using frequency change or impedance change, it 



is detectable also with the acceleration of DC or low frequency. 
Furthermore, since the stress by a temperature change etc. is added 
common to both resonators, the stress by factors other than acceleration 
can be offset by taking out the output of both resonators in 
differential, and the acceleration sensor which has sensibility only in 
acceleration can be obtained. Moreover, an acceleration sensing element 
is easy structure, and since the drawer of an electrode is also easy, 
while being able to constitute small, it can constitute easily also in 
surface mount die parts (chip). 

[0036] Since according to invention according to claim 5 the 1st and the 
2nd resonator which consist of a piezo electric crystal with which the 
electrode was formed in both principal planes were joined and the 
acceleration sensing element was constituted at the single front rear 
face of a base plate, compressive stress can be generated in one side of 
a resonator, and another side can be made to generate tensile stress 
effectively with acceleration. Therefore, by taking out frequency change 
or impedance change of both resonators in differential, the signal 
proportional to acceleration can be acquired, detection sensitivity is 
good and the acceleration sensor which can moreover have sensibility 
only to acceleration can be obtained. Like invention which starts claim 
1 also in this case, the effect by a temperature change etc. can be • 
canceled, and it is small, and can constitute easily on the components 
of a chip mold. Furthermore, since it is the structure which joins a 
resonator to both sides of a single base plate, a width method can be 
shortened further and a still smaller acceleration sensor can be 
realized. 
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[Brief Description of the Drawings] 

[Drawing l] It is the whole 1st example perspective view of the 
acceleration sensor concerning this invention. 

[Drawing 2] It is the decomposition perspective view of the acceleration 
sensor shown in drawing 1 . 

[Drawing 3] It is a decomposition perspective view except the covering 

member of an acceleration sensor shown in drawing 1 . 

[Drawing 4] It is a side elevation in the condition of having mounted 

the acceleration sensor shown in drawing 1 in the circuit board. 

[Drawing 5] It is the V-V line sectional view of drawing 4 . 

[Drawing 6] It is process drawing of an example of the manufacture 

approach of an acceleration sensor shown in drawing 1 . 

[Drawing 7] It is the V-V line sectional view of the 2nd example of the 

acceleration sensor concerning this invention. 

[Drawing 8] It is the V-V line sectional view of the 3rd example of the 
acceleration sensor concerning this invention. 

[Drawing 9] It is the circuit diagram of an example of the acceleration 
detection equipment using the acceleration sensor concerning this 
invention. 

[Drawing 10] It is the circuit diagram of other examples of the 
acceleration detection equipment using the acceleration sensor 
concerning this invention. 
[Description of Notations] 
1A-1C Acceleration sensor 

2, 3, 2' , 3' , 7 Acceleration sensing element 

5 [ ] Case Member 

6 [ ] Covering Member 
20 30 Resonator 

21, 22, 31, 32 Electrode 
23, 33, 8 Base plate 
51-53 Internal electrode 
61-63 External electrode 
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